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Abstract
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observation, experiment, and research, which provide a great deal of direct and comprehensive data for
long-term ecological research. In 2016, the Chinese Academy of Sciences started the project of
construction of long-term research sites in some field stations. This project has achieved remarkable
progress and provided a basis for pushing forward the construction of long-term research sites in other
field stations.
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Abstract: Research sites are key facilities of a field station and basic conditions for conducting long-term observation, experiment, and research, which provide a great deal of direct and comprehensive data for long-term
ecological research. In 2016, the Chinese Academy of Sciences started the project of construction of long-term
research sites in some field stations. This project has achieved remarkable progress and provided a basis for
pushing forward the construction of long-term research sites in other field stations.
DOI: 10.16418/j.issn.1000-3045.20191226001-en

1 Construction and achievements of the representative research site of field station
1.1 Implications for long-term positioning observations and data accumulation of ecosystems

Reviewing the history of ecological research, we find that
long-term positioning observation and data accumulation of
ecological elements such as moisture, soil, atmosphere and
biology are pivotal as the important means of long-term
ecological research, which can be mainly understood from
the following four aspects. ① Understanding the history of
ecosystem change is the key to being aware of the current
situation of the ecosystem and accurately predicting its future
trend. ② The development of eco-environmental problems
is a slow process. Without long-term observation data of the
ecosystem as a benchmark, it is difficult to identify the origin
of these problems and find the right solution. ③ In many
ecosystems, accidental events can often restart the vegetation
succession of the ecosystem or cause drastic changes in topography, but the impact of accidental events must be based
on long-term continuous observation so as to show its importance. For example, since January 3, 2008,
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As an important technology infrastructure, field station
provides large, direct, comprehensive and long-term positioning observation data of the ecological elements including
moisture, soil, atmosphere and biology. It is a three-in-one
field science and technology platform for long-term ecological positioning monitoring, inter-regional and interdisciplinary networking observation, and experiment and
research with its main tasks of “monitoring, researching,
testing and demonstrating.”
Research sites are key facilities of a field station and basic
conditions for conducting monitoring, researching, testing
and demonstrating. Through the long-term observation and
experiment of ecological elements in the research site, the
long-term and comprehensive monitoring and research of the
structure, the key ecological processes and the main ecological functions of ecosystems in various types can be achieved.
Additionally, the research site can serve as a long-term stable
platform for the long-term ecological research, the comparative study of multiple ecological system in the long-term and
large-space scale, the research on the dynamic ecological
system and its function evolution, as well as the research on
the temporal and spatial variation of the main ecological
processes.
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low-temperature snow and freezing disaster weather have
occurred in more than 20 provinces, autonomous regions and
municipalities in southern China, resulting in a forest damage
area of 279 million mu [1]. Long-term observations reveal that
this event caused a significant variation in the species composition and community successional trajectory of forest
ecosystems compared with previous periods. ④ Long-term
multi-site network observation of typical ecosystems will be
critical in identifying regional and even national ecosystem
patterns, process and service changes, as well as man-made
and natural driving factors, and scientifically formulating
ecosystem management and restoration countermeasures.

1.2

Representative research sites in field stations
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Developed countries attach great importance to long-term
positioning observation and networking research of ecological elements such as moisture, soil, atmosphere and biology,
especially the construction of long-term observation and
scientific research sites, as well as the automation of observation equipment. Here are six representative research sites
in field stations in China and abroad.
(1) The UK Rothamsted Experimental Station is the famous agricultural ecosystem research station in the world.
Nine long-term research sites built by Sir John Bennet Lawes
and Sir Joseph Henry Gilbert in 1843–1856 (one of which
was abandoned in 1878) have accumulated long-term observation data and samples over 170 years, and made important contributions to the development of agriculture, soil
science, plant nutrition, ecology, and environmental sciences.
For example, the station conducted forage and grassland
experiments in 1856, initially to verify the effects of
long-term application of chemical and organic fertilizers on
forage yield and species composition. The experiments were
carried out three years ahead of the publication of the Origin
of Species by Darwin, and were regarded as the first international experimental research on long-term ecology. The research on the observation data of these research sites over
140–160 years has revealed that traditional experimental
treatment may underestimate the impact of soil acidification
on biodiversity, and the reduction of nitrogen addition, control of soil acidification, and mowing can gradually restore
biodiversity [2–4].
(2) The US Hubbard Brook Experimental Forest established in 1955 as a major center for the research on northern
hardwoods of spruce and fir. In 1964, five “whole watershed
experiments” sites with a total area of 3 160 hm2 were built in
the station. It was an international pioneer in the study of
ecosystem processes based on watershed technologies and
methods by long-term observations to accurately quantify the
input, output, and budgets of matter, moisture, and elements
in forest ecosystems. For more than 60 years, the station has
systematically studied the dynamics of forest and hydrological ecosystems, and made great contributions to understanding and revealing the ecological, hydrological, energy and
biogeochemical processes of temperate forest ecosystems.

Research results of this station have been compiled into
textbooks and research reports of American Long-term
Ecological Research Network (LTER) [5,6].
(3) The US Cedar Creek Grassland Ecosystem Science
Reserve, a classic ecological research station, is a field station
established by the University of Minnesota, and also an important member of the LTER in the US [7]. Since 1994, scientists represented by David Tilman have built several
experimental sites for long-term control of grassland
biodiversity-ecosystem functioning (BEF) to study the basic
process and principle of composition, dynamic, function and
service of ecosystem, as well as the impact mechanisms of
biodiversity loss, nitrogen deposition, CO2 concentration
increase, climate warming, change of rainfall pattern, and
alien species invasion on ecosystem functions and services [8–11]. The research findings of this station have effectively promoted the establishment of modern ecological
theories and the development of experimental ecology, and
created a precedent for international BEF experiments.
(4) Standardized sites were established following the
proposal of Chinese Ecosystem Research Network (CERN)
in 1988 by the Chinese Academy of Sciences. CERN is a
standardized and institutionalized national ecosystem observation and research network covering major regions and
ecosystem types in China, which is designed according to the
characteristics of natural regionalization in China, with integration of ecological monitoring, scientific research and
science and technology demonstration. The standardized site
is the basic guarantee for long-term ecosystem monitoring
and research. At present, there are 44 field stations in CERN.
At the beginning of establishment, unified planning and design were carried out for the scientific research sites in field
stations [12]. The research sites in each field station include
long-term monitoring site, testing or experimental site, and
demonstration site [13]. There are more than 300 sites for
long-term monitoring, including meteorological observation
field, comprehensive observation field, auxiliary observation
field and station survey point. One or 2 comprehensive observation fields are set in the central area of the most representative ecosystems and used for the comprehensive
observation and research of typical ecosystems. Many auxiliary observation fields are used to observe and study other
important ecosystems. Meteorological observation fields are
set in the typical area of the comprehensive observation field
and the auxiliary observation field. In addition, there are
several survey points in the station area for fixed-point observation aimed at regional survey items or special observation. No uniform provision is applied for the testing or
experimental sites and demonstration sites, and each field
station shall set up according to the research characteristics of
this site. CERN has become the leader of long-term ecological network construction, observation, research and demonstration in China and the world. The accumulated scientific
data have become the characteristic data resource of the national science and technology resource sharing platform. In
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2 Problems and their influences in the construction of field stations of Chinese Academy
of Sciences
(1) The construction fund of research is under poor security. After decades of construction, field stations of Chinese
Academy of Sciences have made great improvements in
infrastructure and equipment. In particular, the special
equipment purchase and infrastructure repair projects implemented in recent years have fundamentally solved the
problems of equipment upgrading and field infrastructure
repair, and the scientific and technological support of field
stations has been continuously enhanced. However, because
the scientific research site is neither infrastructure nor
equipment, the construction funds of the scientific research
site do not meet the relevant provisions on the use of funds
whether in the construction or equipment purchase, and it is
difficult to withstand the relevant audit of national scientific
research fund management. Therefore, field stations can only
rely on the sporadic investment of materials and equipment in
scientific research project funds to carry out small construction of scientific research sites. The investment is too unstable to form a scale, or even to complete the construction task
at one time. After the conclusion of the research project, if
there is no follow-up project support, most of the research
sites without support will soon be abandoned, and fail to play
a role. Those research sites with randomness and lack of
standardization cannot meet the requirements of long-term
use and system stability.
(2) The construction of research sites in field stations lags
behind, which greatly affects the level of networking research. Research sites are the foundation of the networking
research of all ecosystems, which in turn relies on the standardized experiment and observation sites. At present, due to
the lag in the construction of research sites, many field stations are unable to obtain long-term, systematic and
high-quality observation data by adopting “unified targets,
unified indexes, unified standards and unified methods.” In
particular, this has restricted the networking research in different regions with similar ecosystem, as well as the comparative and comprehensive study on different ecological
systems in the same area. As a result, it is difficult to “break
the ice” in the real sense of networking research and carry out
in-depth networking research on major ecological and environmental issues of regional and national scale and major
cutting-edge scientific issues.
(3) There is a lack of top-level design. Due to the lack of
top-level design and unified planning in the construction of
research sites, standardized management is difficult to be
implemented, leading to poor sustainability and unstable
long-term acquisition of some key data. To some extent, it
limits the sharing and accumulation of key long-term observation data, and restricts the role of field stations as an important scientific and technological support platform for the
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addition, academic and theoretical achievements have been
published in international academic journals such as Nature,
PNAS, Ecology Letters and Global Change Biology, which
make great contributions to ecological construction and agricultural production in China in promoting scientific and technological innovation in the field of ecological environment.
(5) The Chinese Forest Biodiversity Monitoring Network
(CForBio) established in 2004 is most active in the global
forest biodiversity research. Nineteen large dynamic forest
sites and more than 50 auxiliary sites of 1–5 hm2 have been
established. The total area of the sites is 538.6 hm2. A total of
1 737 species of woody plants (DBH ≥ 1cm) are monitored,
amounting to nearly 2.279 million plants, which well represent the zonal forest types from cold temperate zone to tropical zone in China. By February 2017, more than 370 papers
including 195 SCI papers have been published based on the
CForBio large-scale site network, which made a very positive
impact in China and abroad [14]. Large forest dynamic sites
have developed from the initial plant community ecology to a
multidisciplinary scientific research platform for biodiversity. Good large-scale site network and comprehensive research platform of forest biodiversity promote the
rapid development of the mechanism research of species
coexistence [14–16].
(6) Inner Mongolia Grassland Ecosystem Research Station
(Inner Mongolia Grassland Station for short) of the Chinese
Academy of Sciences established in March 1979, is the first
long-term ecosystem positioning field station in temperate
steppe region in China and contains 500 hm2 of long-term
field observation sites and experimental platform, including
long-term monitoring sites such as comprehensive observation field, auxiliary observation field, leymus chinensis
steppe, stipa grandis steppe, and degraded steppe restoration.
In addition, there are grazing, nutrient addition, BEF, grassland fire ecology, precipitation control, litter addition and
removal, and other long-term control experimental platforms,
as well as research facilities such as long-term storehouse of
plant and soil samples. Since 2017, research sites for grassland biodiversity monitoring and grassland shrub monitoring
have been established, covering a total area of more than 160
hm2. The construction of long-term monitoring sites and
experimental platforms has strongly supported the observation, research and demonstration of the station and promoted
the international cooperation in the field of long-term ecological research [17–19]. Over 40 years since the establishment,
Inner Mongolia Grassland Station has published more than
2 400 research papers, including more than 700 papers in SCI
journals such as Nature, Science, PNAS, Ecology Letters,
Ecological Monographs, and Ecology, Global Change Biology. Additionally, 30 books have been published. The research results have won the first prize of National Science
and Technology Progress Award and 10 Natural Science
Awards of National and Chinese Academy of Sciences. Since
2001, it has been awarded “Outstanding Field Station” by
CERN for three times.
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ecological civilization and the construction of “Beautiful
China.”

3 Exploration on the construction of field stations of Chinese Academy of Sciences
3.1

Construction goals

3.2

Typical cases

The construction of field stations of the Chinese Academy
of Sciences began in 2016. After two years of efforts, 31 new
research sites of the 11 field stations have been constructed
with remarkable effects. Sanjiang Plain Wetland Ecosystem
Research Station (Sanjiang Station for short) and Inner
Mongolia Grassland Station are two typical cases taken here
for demonstration.

I

Ecological civilization and the construction of “Beautiful
China” are fundamental to the sustainable development of the
Chinese nation. In the new period, facing ecological civilization and the construction of “Beautiful China,” the national
major needs and the major frontier scientific problems of the
systematic governance of mountains, rivers, forests, fields,
lakes and grasslands, Chinese Academy of Sciences carried
out the pilot construction of 31 scientific research sites in 11
field stations (Table 1) in desert-oasis area, high-cold steppe
area, northern steppe area, Loess Plateau area, main
grain-producing area in North China, temperate secondary
forest area, swampy wet area, large shallow lake area, suburban agricultural area, southern hilly area and Karst region.
The pilot construction has been implemented on the basis of
field stations prominent in ecosystem type and geography
under mature construction conditions with close relationship
with national key scientific and technological research and
development programs and regional ecological protection.
The construction goals of research site are listed below.
(1) To meet the needs of long-term ecological research.
The construction of scientific research sites will be based on
the international scientific frontier to solve the key scientific
problems in the national major needs. In the premise of full
consideration of the long-term ecological research needs,
scientific research sites will be constructed as a long-term
observation and research platform to systematically provide
important observation and research data, so as to support
scientific research activities. In addition, it will act as a carrier to undertake more national major research projects to
improve the influence and realize the scientific value of the
research sites.
(2) To establish specifications and standards for research
sites. The standards and specifications of research sites
should be explored and formulated to serve long-term positioning monitoring in the field of ecology, scientific experiments and networking observation research, as well as
thematic observation and scientific research of major scientific and technological needs.
(3) To build the platform for networking research. The
research sites will be built under the guidance of unified
scientific goals, and the observation indexes and observation
methods are unified to form a network and obtain comparability observation and test data of standardized research sites
on regional and temporal scale. Therefore, the research sites

are expected to become basic platform for carrying out
cross-regional and cross-disciplinary networking research.
(4) To realize the sharing of site resources. The construction of research sites is no longer oriented by a single scientific research project, but to meet the national needs and solve
the major scientific problems therein. The normalized and
standardized construction of the research sites should be
completed through overall planning and design. The sharing
of data, samples, information and other resources of scientific
research sites should be finally achieved via unified management of network.

3.2.1 Case one: Sanjiang Station
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In view of the rapid degradation of wetland ecosystem
functions and the serious threat to biodiversity in Sanjiang
Plain, comprehensive observation research sites of wetland
biodiversity and comprehensive research sites of environmental effects of wetland reclamation are established. The
frontiers of wetland science, such as the impacts of human
activities and global changes on wetland habitat characteristics, BEF, and their mechanisms, are explored in depth [20].
(1) Comprehensive observation research sites of wetland
biodiversity. According to the integrity of wetland hydrological unit, the typical wetland type, the representative and
the gradient zonal pattern of microhydrological geomorphology and biological community composition, comprehensive observation research sites in wetland field as large as
8 hm2 were built. The research ideas of response mechanism
of individual-population-functional group-community- ecosystem at different scales under different environmental
conditions were expanded to make the maintenance mechanism
of wetland biodiversity and functional stability deeply understood.
(2) Comprehensive research sites of environmental effects
of wetland reclamation. A comprehensive research site of
environmental effects of wetland reclamation with an area of
16 hm2 was established in a hydrological unit and region to
study the effects of wetland reclamation on wetland habitat
characteristics, soil biodiversity and cold-humid ecological
effect. Comparative observation and research sites of wetland
waterbirds habitat and restoration were constructed in the
wetland nature reserve to reveal the response of sensitive
waterbirds to habitat changes and their habitat adaptability, so
as to solve the core issues such as the response of wetland
habitat and key ecological processes, adaptation and
sustainable protection mechanism on a larger scale.
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Thirty-one new research sites in 11 field stations built by the Chinese Academy of Sciences
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Table 1
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3.2.2 Case two: Inner Mongolia Grassland Station
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Comprehensive management sites for grazing and mowing and long-term biodiversity monitoring sites of Hunshandak Sandland established have increased the depth and
scope of the research.
(1) Comprehensive management sites for grazing and
mowing. On the basis of the grazing experimental platform of
Inner Mongolia Grassland Station, the comprehensive management sites for grazing and mowing are constructed with the
grassland utilization mode expanded to further investigate the
regulation and feedback mechanisms between different
organizational
levels
(individual-population-functional
group- community-ecosystem) and different trophic levels
(livestock-plant-soil animals and microorganisms) of grassland ecosystem.
(2) Long-term biodiversity monitoring sites of Hunshandak Sandland. The research site with an area of 1 km2 (1 km ×
1 km) has been constructed for extended research of Hunshandak Sandland ecosystem. Artificial or automatic observation, unmanned aerial vehicle hyperspectral monitoring, lidar
monitoring and high-resolution plant phenology monitoring
are adopted to conduct long-term monitoring on the change
dynamics of biodiversity (plants, animals and soil microorganisms) and meteorological elements in the sites to establish
an integrated monitoring and assessment system for grassland
biodiversity in the sky, air and land. The site constructed is
expected to provide important basic data and new research
ideas for revealing the mechanism of grassland biodiversity
maintenance at different spatial and temporal scales.
More importantly, through the construction of 31 scientific
research sites in 11 field stations, we have accumulated rich
experiences and methods, established the standards and
specifications for research site construction, and explored the
mechanism of research site management and long-term operation. All of the abovementioned information is expected to
serve as reference for the construction design, management,
data integration and sharing of research sites in different
regions and ecological types in China.

grassland, desert, wetland, bay, and Karst (Table 2, Fig. 1).
The following four aspects will be emphasized on the basis of
the comprehensive construction of research sites.
(1) To carry out normalized and standardized construction
of the research sites. On the basis of the pilot construction of
field stations for scientific research, the basic principles for
the construction of normalized and standardized research
sites should be put forward. The standards of observation
indexes and methods, observation facility and equipment, as
well as the long-term sample preservation and data collection
of the research sites should be determined. The management
standards and resource sharing mechanism of long-term
research sites should be established so as to provide standards
and specifications for the overall construction and operation
of research sites in field stations.
(2) To promote overall construction of research sites in the
field stations. We should fully understand the core scientific
issues in the field stations and combine with the needs of field
station networking research to promote the comprehensive
construction of research sites in the field stations in accordance
with unified specifications and standards under the top-level
design of overall planning and reasonable layout. Additionally,
the research sites should cover the main geographical areas and
main ecosystem types in China, which should be in turn enhanced in the experimental networking observation ability and
the comprehensive networking research level.
(3) To launch networking research on regional and national scale by means of field stations and experimental
platform. In view of ecological civilization and the construction of “Beautiful China,” the national major needs and
the major frontier scientific problems of the systematic governance of mountains, rivers, forests, fields, lakes and
grasslands, as well as the common problems and hot issues on
both national and regional scales, the networking research
relying on the scientific research sites should be carried out to
deepen the research on ecology and meet the needs of regional or national ecological construction, such as the main
ecological processes and sustainable management of forest
ecosystems in different zones, the maintenance of biodiversity and ecosystem stability of grassland in northern China
along the water gradients, the high and stable yield of grain
and the efficient utilization of resources in the main grain
producing areas in China, and the environmental control and
restoration of lakes in the Yangtze River Basin.
(4) To promote joint research and make advances in science and technology by sharing the resources of research
sites to attract scientists outside the Chinese Academy of
Sciences. The management standards and resource sharing
mechanism of long-term research sites, serving as the cooperation base for high-level scientific research and academic
exchange, should be established, and the resources of research sites should be shared with scientific research institutions and universities in China and abroad. In addition,
innovation vitality, support ability, and demonstration and
service level in science and technology of the field stations
should be improved accordingly.

4 Prospect of field stations of Chinese Academy of Sciences

On the basis of the field stations of Chinese Academy of
Sciences prominent in ecosystem type and geography, with
the goal of solving the major scientific and technological
problems in China by virtue of the advanced service capacities, long-term research sites are constructed in accordance
with top-level design, overall planning and unified standards
in the premise of full consideration of different ecosystems
including forest, grassland, farmland, desert, wetland and
bay, as well as the diversity and typicality of geographical
area, ecological type and ecological environmental problems.
In the near future, the research sites in field stations are
mainly constructed in ecosystems of forest, farmland,
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Construction prospect of field station of Chinese Academy of Sciences
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Table 2
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Prospect of field stations of Chinese Academy of Sciences (red is the pilot station)
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Fig. 1
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